Objective: The aim of the present study was to analyse the relation between age and both dietary habits and leisure-time physical activity, and to determine nutrient inadequacy of aged groups in our population. Design: Cross-sectional study. Setting: A random sample of the 25-74-y-old population of Gerona, Spain. Subjects: A total of 838 men and 910 women were selected from among the general population according to the 1991 census. Outcome measures: Analysis of dietary habits, including amount and type of alcohol consumption, and detailed evaluation of leisure-time physical activity. Results: Nutrient densities of carbohydrates, vitamin B 1 , vitamin B 12 , vitamin C, vitamin E, folate, potassium, iron, magnesium, copper, and dietary fiber increased significantly (Po0.05) with age in both genders, whereas an inverse trend was observed for total fat, saturated fatty acids, cholesterol, and sodium. Multiple linear regression analysis revealed a direct association of healthy dietary habits, characterized through a composite dietary score, with age after adjusting for several confounders both in men and women (Po0.001). This score was composed of folate, vitamin C, vitamin E, b-carotene, dietary fibre, cholesterol, saturated fatty acids, and sodium. In all, 29 and 10% of male and female subjects aged 65-74 y, respectively, reported inadequate intakes of six or more of 16 nutrients. Total leisure-time physical activity increased with age in men (Po0.002), and was not different among female age groups. Conclusion: Dietary behaviours and levels of physical activity spent during leisure time indicate a healthy lifestyle of the aged men and women in the present population. Nutrient inadequacy observed in some aged men and women, however, deserves particular intervention of health-care programmes for this growing part of our society.
Introduction
Healthy dietary habits and physical activity are essential for physical and mental health (Bidlack, 1996; Corrêa Leite et al, 2001; Kapil & Bhavna, 2002; Small, 2002) . The number of elderly people is increasing in developing countries, and improvements in health care have led to an increase in life expectancy. On the other hand, elderly persons constitute the largest group at risk for undernutrition. High prevalence of not only undernutrition, but also overweight and obesity has been reported in old people McCormack, 1997; Ritchie et al, 1997; Jensen & Rogers, 1998; Millen et al, 2001; Jensen & Friedmann, 2002) . Therefore, borderline nutritional deficiencies and excesses may account for the high nutritional risk in old people.
The Mediterranean diet has been associated with decreased morbidity and mortality, particularly from cardiovascular causes (Joshipura et al, 1999; Lasheras et al, 2000; Trichopoulou et al, 2000; Kris-Etherton et al, 2001; Trichopoulou, 2001) . The traditional diets of Mediterranean countries are based on vegetables, legumes, fruits, cereals, fish, and olive oil. Adherence to the Mediterranean dietary pattern is considered to promote health and to be particularly important for healthy ageing (Lasheras et al, 2000) . However, meeting nutrient intake recommendations is difficult at lowenergy consumption level, even in the case of a diet based on the Mediterranean diet pattern (Padro et al, 2002) . A decline in energy consumption directly related to increasing age has been observed, which may result in noncompliance of the age-specific nutrient requirements (Moreiras-Varela et al, 1996; Alberti-Fidanza et al, 1999; Wakimoto & Block, 2001) . Nutritional deficiencies are more frequent in old people than in other age groups, and their effects are much more serious (Suboticanec et al, 1989; Chandra et al, 1991) . Even slight deficiencies may have deleterious effects on health and on the capacity for carrying out various basic physical and mental functions. Furthermore, increasing age is accompanied by a decrease in physical activity (Westerterp, 2000) , which, in combination with deficiencies in nutrient intake, might increase the disease risk. The combined effect of the two factors might be more deleterious than that of each isolated factor in elderly persons due to their frailty and decreased resistance to nutrient deficiency (Walston & Fried, 1999; Ferrari, 2002; Walker, 2002) . Inadequate nutrient intake, mainly of several vitamins and minerals, has been observed in free-living elderly men and women (Ortega et al, 1995; Marshall et al, 2001) . However, there is sparse population-based information on age with dietary behaviours, and physical activity modifications that occur with age. The aim of the present study was to analyse the modifications that occurred with age in nutrient intake, alcohol consumption, and leisure-time physical activity, and to evaluate whether men and women aged 65-74 y, in a Mediterranean population, have adequate nutrient intakes.
Methods

Subjects
The methods for the 1994-1996 cardiovascular heart-risk population-based cross-sectional survey conducted in Gerona (Spain) have been described in detail elsewhere (Masiá et al, 1998, p 14) . In brief, free-living Spanish men and women from the province of Gerona, between 25 and 74 y old, participated in this study from September 1994 to January 1996. In all, 3000 subjects were randomly selected from the general population of Gerona according to the 1991 census, with a two-stage sampling stratified by five age groups and sex. After excluding census errors, 2404 eligible subjects were left, of whom 838 men and 910 women (72.7%) agreed to participate. All participants were duly informed and consented to be entered in a computer database and cede their biological samples for the necessary analyses. The protocol was approved by an Ethics Committee and the results sent to participants.
Dietary assessment
Information on demographic and socioeconomic variables, lifestyle factors, including tobacco smoking and alcohol drinking, diet, and medical history, was obtained by a structured standard questionnaire, administrated by trained personnel. The mean daily nutrient intake and energy consumption were measured by a validated structured 72-h recall (Schröder et al, 2001) , administered by a trained interviewer. During the dietary recall interviews, participants were requested to describe precisely their food and nonalcoholic beverage intake during the previous 3 days. Each of the foods listed was characterized by a full description of the usual serving size. Energy consumption and nutrient intake were calculated from the 72-h recalls with the software Diet Analysis Nutritionist IV (N Squared Computing, San Bruno, SA, USA). This software includes a database of 9879 food items supplemented with Spanish food items. In brief, validity of the questionnaire (ie, its ability to classify study subjects according to rank of nutrient intake) was reflected by Pearson's correlation coefficient between nutrient intake reported in the reference method (3-day record) and the 72-h recall (r ¼ 0.42) and intraclass correlation coefficients between nutrient intake reported in the reference method and the 72-h recall (r ¼ 0.55). Furthermore, 37% of subjects were in the same quartile with the 72-h recall and with the reference method, while only 5.3% were found in extreme quartiles (Schröder et al, 2001 ).
An 'a priori' composite dietary score based on intakes of dietary fibre, folate, vitamin C, b-carotene, vitamin E, saturated fatty acids, cholesterol, and sodium was computed. The score was calculated according to the tertile distribution of these dietary variables. Lowest tertile was coded as 0, medium as 1, and highest as 2 for dietary fibre, folate, vitamin C, b-carotene, vitamin E, whereas highest tertile was coded as 0, medium as 1, and lowest as 2 for cholesterol, saturated fatty acids, and sodium. Values of tertile distribution of all dietary components were calculated. The resulting healthy dietary behaviour score ranged from 0 to 16. Nutrient density was calculated by dividing absolute nutrient intake by total energy intake. We expressed the nutrient amount per 1000 kcal. The dietary intake of a selection of nutrients including protein, dietary fibre, nine vitamins, and five minerals was compared with age-and gender-specific requirements of these nutrients (Standing Committee on the Scientific Evaluation of Dietary Reference Intakes, 1997 Intakes, , 2002 ; National Academies Institute of Medicine, 2002) . The number of nutrients with adequate intake was determined for each participant. Adequate intake of the 16 nutrients was considered optimal and less than 11 inadequate.
Current alcohol intake was recorded separately by asking participants how many glasses of wine, bottles of beer, and drinks or shots of brandy or similar beverages were consumed during the previous week.
Leisure-time physical activity Leisure-time physical activity was measured by the Minnesota leisure-time physical activity questionnaire that was previously validated for Spanish men and women (Elosua et al, 1994 (Elosua et al, , 2000 . In summary, the questionnaire was administrated by a trained interviewer. The interviewee was provided with detailed instructions and a list of physical activities. Participants were asked to mark those that they had undertook during the last year. Then the number of times this activity has been performed and the average duration of its practice on each occasion was recorded. Each physical activity has an intensity code obtained in standardized experimental situations, based on the ratio between the metabolic rate during work and the basal metabolic rate. An estimation of energy expenditure in total leisure-time physical activity is obtained, also an estimation of energy expenditure in low-to-moderate-intensity physical activity (r6 Met) and in high-intensity physical activity (46 Met) (Ainsworth et al, 2000) .
Statistical analysis
Analyses were conducted for men and women separately because differences in dietary habits, alcohol consumption, and leisure-time physical activity were expected.
Analysis of variance was used to estimate energy consumption, dietary intakes, alcohol drinking behaviours, and leisure-time physical activity according to age groups (25-34, 35-44, 45-54, 55-64 65-74 y) . A post hoc Bonferroni correction for multiple comparisons was carried out to determine differences in nutrient intake among age groups. Analysis of covariance was used to perform a linear test for trends across age groups in each variable.
The relation of the composite score of healthy dietary behaviours (dependent variable) with age (independent variable) was performed with multiple linear regression, adjusted for potential confounding effects of energy consumption (continuous), educational status (1: more than secondary school, 2: secondary school, 3: primary school, 4: less than primary school; categorical), smoking (1: nonsmoker, 2: former smoker, 3: current smoker; categorical), alcohol consumption (continuous), and leisure-time physical activity (continuous).
Analyses of the data were conducted using SPSS for Windows (version 9.0) statistical software package (SPSS Inc., Chicago, IL, USA). In all statistical test, P-values of o0.05 were considered significant.
Results
Body mass index (BMI) was similar between sexes (Table 1) . More men than women smoked and were alcohol consumers. Furthermore, women had lower levels of leisure-time physical activity as compared to men.
High prevalence of excessive weight was found in both genders, particularly in older age groups (Table 2 ). In contrast, only three male and eight female subjects of the whole population were underweight. The proportion of men and women with recommended intakes of total fat, saturated fat, cholesterol, and sodium increased significantly across age groups. Energy consumption and carbohydrate, protein, total fat, cholesterol, and saturated and unsaturated fat intake decreased with age in both genders (Table 3 ). This trend was also observed for thiamine and riboflavin, whereas intakes of pyridoxine, cobalmine, retinol, folate, and ascorbic acid did not decrease with age. However, young female and male participants have the lowest intakes of vitamin C and folate. Furthermore, an increasing linear trend of dietary fibre, and tocopherol intake was observed across age groups in both genders. With the exception of magnesium and copper, we observed a decreasing linear trend for intakes of sodium, potassium, iron and selenium (Table 3) .
Nutrient densities of men and women are shown in Table 4 . Similar linear trends of nutrient densities across age groups were found in both sexes. The density of carbohydrates increased, whereas those for total fat, saturated fat, and cholesterol showed a decreasing trend across age groups. The intake of the majority of vitamins, potassium, iron, and magnesium tend to be higher in older age groups, whereas an inverse relation was found between age and sodium intake (Table 4) in both genders. Alcohol drinking behaviours and total-, moderate-, and high-intensity leisure-time physical activity are shown in Table 5 . Total-, and moderate-intensity leisure time activities increased with age in men, but not in women, whereas highintensity leisure-time physical activity decreased in both sexes.
Total alcohol intake and the proportion of participants with heavy alcohol consumption were inversely associated with increasing age in both sexes. In contrast, wine consumption increased with age in both genders. Men drank more alcohol and had a higher proportion of heavy drinkers than women.
Multiple linear regression analysis showed a direct association between healthy dietary habits and age in both genders, after adjusting for several confounders (Table 6) .
In Table 7 , the proportion of aged men and women with adequate nutrient intakes is presented. Generally, the highest proportion of adequate intake was found for B-group vitamins and iron in both genders, as opposed to what was observed for vitamin E, dietary fibre and folate intakes. A significantly higher proportion of inadequate intake was observed for dietary fibre, pyridoxine, vitamin A, magnesium, and zinc in men compared to women.
More than 70.9% male and 89.9% female elderly subjects consumed adequate levels of 11, or more, of these 16 nutrients (Table 8 ). In contrast, adequate nutrient intakes for less than 11 of these 16 nutrients were observed in 29.1 and 10.1% in men and women, respectively.
Discussion
The relation of age with lifestyle factors in a representative Mediterranean population has been investigated. Most importantly, dietary quality increased with age in both sexes, and leisure-time physical activity increased in men, but was maintained in women across age groups. However, and particularly in men, dietary intake of several nutrients was inadequate.
The European population is growing old (Burt & Harris, 1994; Casado Marín, 2000) . The proportion of people aged 65 y and more tripled during the last five decades (6-18%) in Spain (Casado Marín, 2000) . Furthermore, this evolution leads to an increase in health-care expenditure. High prevalence of not only undernutrition, but also overweight and obesity have been reported in old people McCormack, 1997; Ritchie et al, 1997; Jensen & Rogers, 1998; Millen et al, 2001; Jensen & Friedmann, 2002) . Ludwig et al, 1999; La Vecchia et al, 2001 , Hu & Willett, 2002 . Since the prevalence of these diseases is much higher in older age groups, nutrition is, thus, of special importance in late life. A certain limitation of the present study is the exclusion of subjects older than 74 y, who are possibly at the greatest risk Current dietary recommendations are the same for adults aged 25-50 y and those aged 51 y and over (Standing Committee on the Scientific Evaluation of Dietary Reference Intakes, 1997 Intakes, , 2002 . However, limited data are available on (Drewnowski & Warren-Mears, 2001 ). The Mediterranean diet is a dietary pattern thought to reduce the risk of cancer in addition to being cardioprotective (Joshipura et al, 1999; Lasheras et al, 2000; Trichopoulou et al, 2000; Kris-Etherton et al, 2001; Trichopoulou, 2001) . The traditional Mediterranean diet may be thought of as having eight components: (1) high monounsaturated-tosaturated fat ratio, (2) moderate ethanol consumption, (3) high consumption of legumes, (4) high consumption of cereals, (5) high consumption of fruits, (6) high consumption of vegetables, (7) low consumption of meat and meat products, and (8) moderate in milk and dairy products (Trichopoulou et al, 1995) . At present, there is a controversy whether the high-fat content of the traditional Mediterranean diet should be promoted or whether recommending a lower fat consumption might be more prudent (Ferro-Luzzi et al, 2002) . The total fat intake expressed in percentage of energy intake (35% data not shown) found in the present population is comparable with previously published results (Serra-Majem et al, 2000) . Interestingly, we observed a higher proportion of older subjects with total-and saturated fat intake lower than 30 and 10% of total energy consumption, respectively. However, only about one-third of older age groups reached current recommendations for saturated fat intake. Generally, nutrient intake is directly associated with energy consumption and hence, it becomes more difficult to compose a diet with an adequate nutrient content, when energy consumption declines. Therefore, it is of particular interest for the elderly that even the Mediterranean diet pattern at low-energy levels fails to meet all nutrient requirements (Padro et al, 2002) . The decrease of energy consumption observed with increasing age (Moreiras-Varela et al, 1996; Alberti-Fidanza et al, 1999; Wakimoto & Block, 2001 ) could therefore be considered as one of the most essential factors for inadequate nutrient intake in the elderly. In the present study, we observed a general trend concerning the relation between nutrient intake and energy consumption that concurs with previously published data (Willett, 1990) . Subjects aged 65-74 y of both genders had higher intakes of most vitamins and minerals than that found in free-living elderly of the United Kingdom (Smithers et al, 1998) . Interestingly, dietary vitamin C intake was more than five times higher in the former than in the latter. This difference is consistent with the high consumption of fruits and vegetables in Spain, which is one of the highest in Europe (EPIC group of Spain, 1999; Moreno et al, 2002) . In the present study, there were significantly higher intakes and nutrient densities of vitamin C and folate in aged men than young men. Higher intakes and nutrient densities of fibre were also found in aged men and women than in young ones. Taking into account the important role of vitamin C, folate, and dietary fibre as health protective nutrients (Yong et al, 1997; Speizer et al, 1999; Slavin et al, 2001; Su & Arab, 2001) , this finding might be of particular importance for 65-74-y-old men and women in our population.
Nutrient density is an informative criterion for the quality of the diet (Willett, 1990) . Selection of foods with high nutrient densities is of particular importance for subjects with low-energy consumption to avoid nutrient imbalances. Interestingly, significantly higher nutrient densities were found for most vitamins in the aged group compared to the youngest group of both genders. This finding and the observed inverse relation of age and dietary intakes of saturated fat, cholesterol, and sodium point towards a more prudent food choice of the elderly, or to a selection bias that leads to survival of those with the best lifestyle in the oldest groups. Lasheras et al (2000) have shown that a diet score based on eight characteristics of the traditional diet in the Mediterranean regions was associated with a significant reduction in overall mortality in subjects aged 65-80 y. High intakes of fruits and fibre might be of particular importance concerning the postulated benefits of the Mediterranean diet (MartinezGonzales et al, 2002) . High intakes of vitamin C, b-carotene, folate, vitamin E, and fibre have been associated with protective effects against coronary heart disease and cancer (Yong et al, 1997; Speizer et al, 1999; Su & Arab, 2001; Visioli & Galli, 2001) . A high consumption of these nutrients indicates a high consumption of fruits and vegetables, a dietary pattern commonly regarded as an indicator of a 'healthy' diet. On the other hand, the risk of coronary heart disease increases with higher intake of sodium, saturated fatty acids, and cholesterol (Hobbs et al, 1992; Caggiula & Mustad, 1997) . Hence, a score based on high intakes of vitamin C, b-carotene, folate, vitamin E and fibre, and low intakes of sodium, saturated fatty acids, and cholesterol indicate healthy dietary behaviours. Prevalence of a healthy diet was higher in the aged population of Gerona. Again, the cross-sectional design of the study may have resulted in the above-mentioned selection bias. An alternative or complementary reason may stem from the fact that the aged group preserved the most typical dietary characteristics in spite of the dietary changes that have occurred during the last 50 y in Spain (Moreno et al, 2002) .
Although classical clinical undernutrition in the European society could be considered rare, insufficient long-term dietary intakes lead to impaired physical and mental health. Inadequate intakes of protein, and several vitamins and minerals, have been observed in various elderly populations in Europe (SENECA Investigators, 1996; Smithers et al, 1998) . Aged men and women of the present study showed a higher proportion of adequate protein, fibre, vitamin, and mineral intake than those found by other authors (Ortega et al, 1995; De Groot et al, 1999; Marshall et al, 2001 (Suboticanec et al, 1989; Chandra et al, 1991; Corrêa Leite, 2001; Kapil & Bhavna, 2002; Small, 2002) . Therefore, 29.1% of men and 10.1% of women aged 65-74 y had adequate nutrient intake of less than 60%, and might be regarded as a risk group for subclinical undernutrition. It was not surprising to find alcohol consumption nearly five times greater in men than in women in the present study, since this observation is similar to that of previous studies (Wilsnack et al, 2000) . The observed decrease of alcohol consumption across age groups has been previously shown (McKim & Quinlan, 1991) . Wine drinking is an attribute of the Mediterranean diet and associated, if consumed in moderate amounts, with protection against coronary heart disease (Gronbaeck, 2002). Wine consumption has decreased continuously from 1961 to 1993 in Spain (Gual & Colom, 1997) , whereas that of beer has increased and that of spirits has remained stable during this period. This might also point towards a transition of the traditional Mediterranean diet. In spite of this transition, the observation that alcohol-drinking old men and women of our population predominately consumed wine, a fact not observed for young people of both genders.
Physical activity during leisure time improves life expectancy at all ages. However, a considerable amount of old people report no leisure-time physical activity with figures ranging from 18% in Europe to 32% in the United States (Pate et al, 1995) . In the present study, only 2% of the whole population admitted being sedentary (data not shown). However, depending on its definition, leisure-time physical inactivity prevalence varies considerably (Bijnen et al, 1996) . In the present study, we used the most extreme definition of leisure-time physical inactivity, none at all, which might explain the low prevalence of leisure-time physical inactivity. An incorrect reporting of leisure-time physical activity cannot be excluded. However, in this study the Minnesota Leisure-Time Physical Activity Questionnaire, validated in our population (Elosua et al, 1994 (Elosua et al, , 2000 , was administered by a trained interviewer in order to reduce this probability.
There was a positive trend of total-and moderate-intensity leisure-time physical activity across age groups in men, whereas no age-related changes were observed in women. Given that we did not measure occupational activity, comparison of total physical activity among age groups was not possible. Outdoor-activities form a large part of the individual social life in Mediterranean regions. Older men might have more opportunity to spend time outside, and thereby be in contact with their social environment. Furthermore, Bijnen et al (1998) have shown that prevalence of moderate-intensity activities, like walking, increased across old-age groups. On the other hand, because of the cross-sectional design of our study, differences of leisure-time physical activity among age groups may represent differences among birth cohorts, rather than the effects of ageing.
Evidence indicates that taking up regular physical activity, particularly in middle or older age, confers significant benefit for coronary heart disease (Wannamethee & Shaper, 2001; Batty, 2002) . The pattern of leisure-time physical activity among age groups of our population might partially account for the low incidence of myocardial infarction in the Spanish population, which is one of the lowest worldwide (Peréz et al, 1998; Tunstall-Pedoe et al, 1999) .
In conclusion, healthy dietary behaviours are more frequent in men and women aged 65-74 y than in younger age groups in our Mediterranean population. However, 29.1% of men and 10.1% of women of this age take less than the adequate amount of one-third of 16 nutrients. Physical activity in our population increases in men and remains steady in women with age, which might account for the low incidence of coronary heart disease in Spain.
